The Three-Body Parameter(3BP) a
versal 3BP has been shown in experiments and theory in ultracold homonuclear gases. The 3BP of heteronuclear systems was predicted to possess much richer properties than the homonuclear counterparts for the large parameter space. In this work, we investigate the universal properties of a (1) − for the Heavy-Heavy-Light(HHL) system with negative intraspecies scattering length a HH .
We find that a (1) − follows a universal behavior determined by the van der Waals(vdW) interaction and the mass ratio. An analytic formula of a (1) − is given as a function of a HH , which allows an intuitive understanding of how does a (1) − depend on the mass ratio and the vdW length r vdW .
In a special case, when the two heavy atoms are in resonance, a (1) − is approximately a constant: a (1) − = −(6.3 ± 0.6) r vdW,HL . * huilihan@wipm.ac.cn Efimov effect, which was pointed out by Efimov in 1970 [1, 2] , has attracted both experimental and theoretical [26] [27] [28] [29] [30] [31] [32] [33] attention with its novel phenomena, such as universality and discrete scale invariance. The most dramatic manifestation of Efimov effect is the possibility of infinite three-body bound states when the two-body scattering length a is large compared to the characteristic range r 0 of the two-body interaction potential [1] .
This infinity of trimer states follow a discrete symmetry scaling, i.e., E n = λ 2 E n+1 , where λ = e π/s 0 is the scaling constant and s 0 is a universal parameter depending on the number of resonant interactions as well as the quantum statistics and the mass ratio of trimers constituents [34, 35] .
In addition to their discrete scaling property, Efimov states are characterized by 3BP, which determines the position of the entire ladder of states [34] . For homonuclear systems, experiments with alkali atoms have observed a universal value for a
− when expressed in terms of the vdW length r vdW : a
The universal homonuclear 3BP was subsequently discussed by different theoretical studies [26, 28, 30, [39] [40] [41] [42] . For the heteronuclear systems, Wang et al. [27] predicted that the 3BP is also universal and they provided physical interpretations for its origin. The three-body Schrödinger equation describing the relative motion of system can be written as:
where r is the displacement vector between the two heavy atoms with mass M , and ρ is the relative position between their center of mass and the light atom m [34, 44] . We adopt the Lennard-Jones potential with a vdW tail to describe the interaction between atoms with distance r HH/HL
where λ HH/HL is adjusted to give the desired scattering length a HH/HL and C 6,HH/HL is the usual dispersion coefficient.
In the frame of hyperspherical coordinates, the three-body Schrödinger equaction (1) can be expressed in terms of hyperradius R in the following form to describe the global size
where µ is the three-body reduced mass [45] . The wave function Ψ can be expanded with the complete, orthonormal adiabatic channel functions Φ υ by
where Ω(θ, φ, α, β, γ) is the hyperangle. Substituting Ψ(R, Ω) into Eq (1) and projecting out Φ ν gives a set of coupled ordinary differential equactions:
The nonadiabatic couplings P νν and Q νν are responsible for inelastic transitions and the effective hyperradial potentials W ν (R) = U ν (R) − Q νν (R)/2µ support bound and resonant states.
First of all, we calculate a 
− is −313 a 0 , which agrees with the experiment result −323(8) a 0 [22] . In addition to 133 Cs -133 Cs -6 Li system, the RbLi heteronuclear mixture is another strong mass-imbalanced system, which is sutibale for studying the universality of Efimov physics. The first Efimov resonance was observed at −1 870(121) a 0 for 87 Rb -87 Rb -7 Li system [20] . The analysis of Ref. [20] shows that it is difficult to observe three Efimov features for this system. In addition to the above mentioned systems, a
− of other HHL systems are also shown in Table I . We give the first Efimov resonance positions with different background scattering lengths. For the case that there is no heavy-light Feshbach resonance recorded, we just give the values of a − on the mass ratio and the background scattering length, we plot a
− as a function of 1/a HH in Figure 1 . It can bee seen that a 
− . This is consistent with the fact that the Efimov scaling factor of high mass ratio is insensitive to the heavy-heavy interaction [53] . Numerically, we find that a
− as a function of a HH follows a universal behavior determined by the long-range vdW potential and can be described by:
r vdW,HH a HH − (6.3 ± 0.6) r vdW,HL r vdW,HH .
The first term in Eq.(6) reflects the influence of heavy-heavy interaction on the value of a
− . The ratio ( . This could explain why the 3BP of large mass ratio system is insensitive to the variation of intraspecies scattering length.
The second term in Eq.(6) represents a special case that the magnetic filed of the heavylight Feshbach resonance leads to a large background scattering length. In this case, a
is nearly a constant: a
− ≈ −(6.3 ± 0.6)r vdW,HL , similar to that of three identical particles. The average value −6.3 r vdW is obtained by fitting our numerical values, and the stand uncertainty indicates the biggest deviations from the average. Fig. 2 shows the comparison between our calculated a
− with resonant heavy-heavy interaction and the universal constant, where all data of these ten systems fall into the universal range. [22] . We show the position in Fig. 3(a) with symbol ×, which is in the range predicted by the analytic formula(6). Fig. 3(c) [31] .
In summary, we have investigated the dependence of 3BP a
− on the intraspecies interaction in heteronuclear atomic systems. Through calculating a (1) − for ten mass imbalanced systems, we predict the universal behavior of a
− as a function of the background scattering length a HH . We find that a
− have a dramatically strong dependence on the background scattering length a HH for the mass less-imbalanced systems, while for the strong mass-imbalanced − . Importantly, an analytic form of a (1) − as a function of background scattering length is given numerically, which provides an intuitive picture about the universal behavior of a Our results also show that a (1) − is nearly a constant expressed in terms of the vdW length r vdW,HL : a 
